These disagreements are related to different causes but attempts to establish the link between the outcome and the responsible mechanism has ha,d only limited success to date because of the complex interactions embedded in the schemes. This study implies that different schemes achieve different equilibrium states when forced with prescribed a, tmospheric conditions a, nd that the time period to rea,ch these sta, tes differs a. mong schemes; a, nd even when soil moisture is fairly well simulated, the processes (particula. rly evaporation and runoff plus drainage) controlling the simulation differ among schemes and at different times of the year. These results suggest that prescription of land surface scheme physics may have to be a, function of the type of predictions (short-term weather forecasting, mesoscale modeling or climate ensembles) required as well as the underlying scheme [ormulation and that scheme simulations must be vMida.ted for all components of the prediction.
Theory of Soil Moisture Simulation in Land Surface Schemes
The basis of all schemes tested in this study is the one-dimensional conservation equations for tempera- It is not helpful to discuss all the detailed differences among a large number of schemes, because it is impossible to determine the effect of these differences on the overall performance of the schemes which consist of complicated nonlinear interactions between many components. Nevertheless, the differences in scheme configuration and those in parameterization of individual components are the two major categories of differences worthy of consideration.
Structural
Differences in Soil Moisture Simulation The structural differences are mainly reflected in the number of soil layers, canopy layers, and the linkage between va. rious components of a scheme. Most schemes use a single layer canopy treated as a "big leaf," except the bucket model which does not have a canopy component. Thus as far as soil moisture simulation is concerned, the major difference in model structure lies in the number of soil layers.
Conceptually, the schemes can be considered as buckettype single-layer schemes, force-restore-type two-layer schemes and diffusion-type multilayer schemes. Schemes developed for ecological purposes may not fall into these categories.
Single soil layer models. The water balance equation for the active soil layer of depth d (often assumed to be 1 m) is the integrated form of (2) d dW pw where W is soil moisture averaged over depth d, Pr is precipitation rate, E is evaporation, R is runoff, and Dr is drainage. Single layer models have two distinct features. First, runoff is commonly assumed zero if soil moisture is smaller than a critical value We, but equals the surface water flux if the soil moisture is larger than Wc. Second, there is a direct feedback between evaporation and soil moisture of the total soil layer, and the hydraulic diffusion process which influences the distribution of water within the soil layer and the availability of soil water for evaporation is ignored. Consequently, rapid fluctuations in evaporation and surface soil moisture cannot be accurately described.
Force-restore models. A two-layer force-restore model has a thin top layer of depth dl and a total soil layer of depth d2. The prognostic equations for soil Other soil moisture schemes. VIC [Liang et at., 1994] uses two soil layers for soil moisture simulation, but the upper layer is designed to represent the dynamic behavior of the soil that responds to rainfall events, and is thicker (0.5 m) than the upper layer in the forcerestore models. The lower layer is used to characterize the seasonal soil moisture behaviour. Roots can be specified for both layers. Water can flow from the upper layer to the lower layer, but there is no upward moisture flux between the two soil layers.
SECHIBA2 uses a two-layer soil model in which the depth of the layers evolves through tilne. This evolution is driven by the "top-to-bottom" filling (due to precipitation) and drying (due to evapotranspiration) algorithm described by Choisncl [1984] ; no explicit diffusion is allowed either between the two layers or at the bottom of the soil, so that it is equivalent to a bucket for runoff and drainage.
In BGC, BIOME2, and CENTURY, water can flow from the upper layer(s) to the lower layer(s) but there is no upward moisture flux within the soil. The water content in each layer is calculated by the water budget of the layer at each time step. The number of layers is two in BIOME2 (similar to VIC), three in BGC (similar to BATS), and up to eight in CENTURY. For schemes with more than one soil layer and explicit treatment of canopy processes, the interaction between soil moisture and soil te•nperature is very complicated. Although evapotranspiration remains the pathway for interaction, it, now involves a canopy water reservoir, transpiration and differences in canopy, and bare soil albedo. It is difficult in general to identify how this interaction will impact on the performance of a scheme, because of the nonlinear relationships involved.
Differences in Parameterization
Evaporation, transpiration, and runoff plus drainage determine the soil moisture budget and these components are parameterized very differently in the participating schemes.
Evaporation. It, is assumed in all schemes that evaporation is proportional to a scaling evaporation, Ep. The inconsistency amounts to 25 mm for the intensive observation period.
The Parameters
The parameters used in this work are given in the appendix and it suffices here to make two comments. 
Numerical Experiments
Fifteen numerical experiments conducted for the workshop are listed in Table 2 . The details about the design, purpose, and rationale of these experiments are reported by $hao et ai. [1995] . A land surface scheme is understood as conaprising three basic components for the treatment of bare soil transfer processes, canopy transfer processes, and soil thermal and hydraulic processes. A control experiment was conducted, followed by three other types of experiments: bare soil evaporation tests (experiments 2al and 2a2), sensitivity test for drainage (experiment 2c, 2el) and transpiration test (experiment 3), in an attempt to compare the three basic components of land surface schemes. For the purpose of this study, it, is sufficient for us only to describe the control experiments, experiment 2c and 2el in some detail. Among these experiments, experiment 1 is the pilot control experiment, while experiments ll, 12, and 13 are the improved ones conducted after a preliminary analysis of experiment 1. The purposes of the control experiment are to quantify the differences among the schemes, to verify the simulations against observations and to provide a reference for the other experiments conducted as part of the workshop.
Experiment 1 was first compared with the HAPEX-MOBILHY data and it was found that the disagreement between the simulations and the observations can be reduced if more strictly specified parameters for the land surface are chosen (see section 6). experiments 11, 12, and 13 were carried out for this purpose.
Experiment 11.
In experiment 1, the aerodynamic properties of the surface were specified by the monthly averages of leaf area index, aerodynamic roughness length, zero-displacement height, and fractional vegetation cover. The low resolution of the aerodynamic parameters (specified for every month) is inconsistent with the high resolution of the atmospheric forcing data (specified every 30 rain). Several schemes, especially those for ecological models, were found sensitive to the resolution of leaf area index.
In experiment 11, the above aerodynamic parameters are specified for every time step under the assumption that LAI and vegetation height increase linearly in the first two months of the growing season with the maximum LAI being 4 and vegetation height being im. 
Sensitivity Test for Drainage (Experiment 2c, 2cl)
Soil moisture is determined by precipitation, evaporation, and drainage. The different treatments of drainage in land surface schemes may lead to profound differences in soil moisture. Experiments 2c and 2el are drainage sensitivity tests in which the amount of drainage and the residence time of water in the soil layers are investigated. Experiments 2c and 2cl are performed for the HAPEX-MOBILHY bare soil period (first 120 days) with the surface and soil parameters as specified for experiment 13. Evaporation was assumed to be zero, and precipitation was assumed to be 5 and l0 times that of the observed values for experiment 2c and 2cl, respectively. Detailed results from these experiments are reported by Wctz½l et al. [1995] .
Results
In this section, a quantitative assessment of soil moisture simulation by the participating schemes is provided. The importance of this work lies in the investigation of the disagreement, and thus the assessment of the capability of land surface schemes for soil moisture simulation. Several general problems are discussed, such as the energy and soil moisture budget, scheme equilibration and scheme sensitivity to the choice of parameters. The details of individual schemes are not reviewed, since they are discussed in detail in a series of papers to be published elsewhere. Most of the conclusions are based on experiment 13 (Table 2) • 80 x7----Vcsmo9
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• • A problem closely related to equilibrium is the response characteristic of a scheme, the speed with which a scheme approaches equilibrium with the changing external forcing {for instance, precipitation and solar radiation) and/or land surface parameters (such as leaf area index). The response characteristics are also determined by a combination of scheme parameters and the scheme structure. Obviously, the response time of a bucket model is different from that of a multilayer model. For a bucket model, the soil water throughout the soil depletes immediately as evaporation occurs (rapid response scheme), while for multilayer schemes, Figure 18 shows that BATS is a slower responding scheme than ISBA. Compared to BATS, the soil moisture predicted by ISBA increased more rapidly when there was precipitation and also decreased •nore rapidly for the dry period.
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The different, pattern of soil moisture in this example is caused by the different, treatment in runoff plus drainage. It is readily understood that the differences will propagate to other aspects of the scheme behavior. If evaporation were to be taken into accouter, it would be expected that ISBA would have produced higher evaporation than BATS for the wet period (first 60 days) and lower evaporation for the dry period {last 60 days).
The difference in equilibrium states makes the cmnparison of schetne performance in a subannual period (e.g., the bare soil period or the growing season) very difficult, since these are inseparable entities in a. complete cycle. For this reason, the flux •neasurements for a subannual period is of li•nited value in achieving a judg•nent as to how good the performance of a scheme is. For example, evaporation in the growing season will be dependent on the soil •noisture at the beginning of the growing season, which in turn is detern•ined by the performance of the scheme for the bare soil season. An attempt to evaluate the determinants of the equilibrium states and the response characteristics of a scheme is not possible on the basis of the experi•ents described here, even though a suite of 17 simulation sets were undertaken during the course of this intercomparison (Table  2) .
Different Schemes, Diffe. rent Sensitivities
Land surface parameters are difficult to determine and this is especially true for soil moisture simulation on a global scale. Even for the workshop experiments, for which first-hand information of surface aerodynamic characteristics, vegetation, and soil properties is available, an adequate specification of surface parameters remains a formidable task. To understand the sensitivity of land surface schemes to land surface parameters is not only important for studying the behavior of these schen•es, but also important for the evaluation of soil moisture "products," such as global soil nioisture maps. In this study, much attention was paid to the choice of better surface aerodynamic paranieters, leaf area index, and soil hydraulic parameters, especially the wilting point soil moisture and the wilting point soil water potential. The control experiment was run four times (experiments 1, 11, 12, and 13) in order to achieve a better agreement between soil moisture predictions and observations and to understand the sensitivity of land surface schemes to these parameters ( Table 2 ).
The setting of parameters for a particular site depends not only on the condition of l he site, but also on the physics a scheme represents. The setting of wilting point is a useful exan•ple. Wilting point, Wwilt, is the soil moisture below which plants wilt under water stress. In land surface schemes, it is usually assumed that for soil moisture below [•wilt, transpiration decreases to zero. This is realized by increasing the stomatal resistance to infinity. In {11), F2, the function representing tion of parameters within the schemes and the scheme For most participating land surface schemes, surface structure. Land surface schemes under the same atmoenergy is conserved. However, the partitioning of sur-spheric forcing reach very different equilibrium states face energy fluxes, which is closely coupled to the parti-and achieve equilibration after different periods of forctioning of evaporation and runoff plus drainage, differs ing. One consequence is that the validation data, which are often limited to a couple of weeks or months, cannot be effectively applied when atmospheric forcing is applied repeatedly until all prognostic variables have exactly the same behavior as the previous year. Energy partitioning (i.e., the partitioning of available energy between surface sensible and latent heat fluxes in the surface energy budget equation), and water partitioning (i.e., the partitioning of precipitation between evaporation and runoff plus drainage in the water budget equation), are two closely coupled and fundamental aspects of land surface schemes. A major problem identified in PILPS Phase 2(b) is the way the surface energy budget and water budget are achieved differently by various schemes. A reasonable simulation of soil water can be achieved through very different partitioning of evaporation and drainage: in some schemes, soil moisture simulation is dominated by evaporation while other schemes achieve the same soil moisture by allowing more drainage (Figure 12 ) and thus the energy partitioning among land surface schemes is also significantly different (Figure 16 ). Hence although the emphasis of land surface schemes developed for atmospheric models is the energy partitioning, and the emphasis of land surface schemes for hydrological and ecological niodels is water partitioning, the two partitionings should be treated as inseparable cnt, itics in all land surface schemes.
It is not possible on the basis of PILPS intercomparisons alone to conclude whether these differences are related to the philosophy and basic structure of land surface schemes, or to the details of parameterizations and to land surface validation data. However, it is clear that intercomparisons such as these are valuable both to individual scheme developers and to the community as a whole.
Appendix: Instructions for Workshop Numerical Experiments Experiment 1: The Control Experiment
Parameters.
Monthly averages of surface aerodynamic parameters and roots distribution should be as specified in Table A1 . Other parameters should be set consistently with those specified in Table A2 (Table A4 ) based on monthly averages.
